In each of three summertime trials conducted over consecutive years, approximately 110 predominantly black and black-white-face steers were blocked by weight and randomly allotted to one of 16 pens in a 2 × 2 factorial arrangement of treatments. Factors consisted of cattle being fed in facilities with or without wind barriers and with or without shade. Steers were fed dry-rolled corn-based diets (1.43 Mcal/ kg, NE g ) . Mean starting date and days on feed were June 26 and 79, respectively. In unshaded areas, temperature and humidity averaged 21.6°C and 77.9%, and the blackglobe-humidity index (BGHI) at 1500 averaged between 84.0 and 89.1. Each of four 6.1-× 6.1-m structures (mean height = 3.4 m ) with white steel roofs provided shade (2.65 m 2 /steer) for two pens. In facilities with wind barriers provided, airflow was reduced from the north and northwest by a 25-m-wide shelterbelt containing six rows of trees. For cattle fed in pens with wind barriers, shade increased ( P < .05) gain from 0 to 56 d and decreased ( P < .05) DMI/ADG from 0 to 28 d. Differences ( P < .05) in performance were not found between shaded and unshaded cattle in any portion of the feeding period for cattle fed in the pens without wind barriers and over the entire feeding period in either type of facility. The shade response in pens with wind barriers seemed to be greater the 1st yr than in subsequent years. Differences in weather patterns among years, especially air temperature, humidity, and solar radiation, may partially explain this interaction. Also, in yr 1, cattle tended to have greater fat thickness at finish than in yr 2 and 3. Correlations between BGHI and DMI tended to be greater during the early portion of the trial ( 0 to 28 d ) than over the entire trial. Correlations between the difference in BGHI under shade vs no shade and percentage of shade use had the greatest magnitude and were significant only in the first 28 d vs over the entire feeding period. Although no heat-related cattle deaths occurred in this study, results suggest that shade improves cattle performance in the summer when they are fed in facilities with winter wind protection available and have not become acclimated to hot conditions. Once cattle are acclimated or hot conditions subside, compensation by unshaded cattle offsets much of the initial benefits of providing shade.
Introduction
In the Northern Plains, performance of feedlot cattle is typically better in the summer than in the winter. However, summer economic losses attributed to environmental causes can equal or exceed those incurred in the winter, because more deaths from heat stress than from cold stress can occur (Hahn and Mader, 1997) . In addition, the benefits of providing winter wind protection for feedlot cattle may be offset by added heat stress in cattle associated with areas where air movement is restricted in the summer (Mader et al., 1997a) .
Summertime temperatures, humidity, and solar heat often cause discomfort and(or) even death of feedlot cattle (Curtis, 1981; Morrison and Prokop, 1983; Young, 1993; Lefcourt and Adams, 1996) . Excessive heat loads reduce feed intake and expenditure of energy in maintaining homeothermy (NRC, 1981) . An effective means of helping animals to maintain temperature regulation in a hot environment is to reduce incoming thermal radiation by providing shade (Bond et al., 1967; Blackshaw and Blackshaw, 1994; Mader et al., 1997b) . Shade changes the radiation balance of an animal but does not affect air temperature or humidity (Hahn et al., 1970; Buffington et al., 1981; Esmay, 1982) . The primary purpose of shade is to protect the animals from intense, direct solar radiation and diffused and reflected radiation (Buffington et al., 1983) . A simple shade structure can reduce the radiant heat load on an animal by 30% or more by intercepting the direct solar radiation (Bond et al., 1967) . The objectives of this study were to determine the effects of summer shade on feedlot finishing cattle fed in facilities with or without wind barriers provided for wintertime protection.
Materials and Methods
Effects of shade on finishing cattle were evaluated in three trials, one each conducted during the summers of 1990, 1991, and 1992 . Within each trial, 110 to 112 predominantly Bos taurus (Angus and Angus × Hereford) crossbred steers were blocked by weight (light and heavy) and randomly allotted by weight to 16 pens (six or seven cattle/pen) in a 2 × 2 factorial arrangement of treatments. Factors consisted of cattle being fed in a facility with wind barriers ( WB) or without wind barriers ( NWB) and in pens with or without shade provided. The facility with wind barriers had a tree shelterbelt 25 m wide and approximately 9 m tall on the north and west sides. The layout of the facilities is described by Mader et al. (1997a) . Within each facility, pens were elevated (mounded) such that a set of two pens shared a common mound, which was separated by a center fence line. Mounds and fence lines ran parallel to the long axis of the pens.
Four monoslope shade structures were constructed with white steel roofs (6.1 × 6.1 m ) at a height of 3.1 (low side) to 3.7 m (high side). The high side faced north and was placed over the center (long axis of pen) of a mound straddling the dividing fence between two pens, positioned to provide equal shaded area (minimum 2.65 m 2 /steer) in each pen during the hottest part of the day (between 1500 and 1600) based on historical weather records. Shade structures were constructed based on design criteria outlined by Bond et al. (1954) , Buffington et al. (1983) , Esmay (1982), and Hahn (1985) .
Shade treatment designation consisted of assigning two mounds (four pens) within each facility to shade treatments; the remaining pens were available for control pens. Because the shade structure was used to cover one mound (two pens), light and heavy steer groups within shade treatments were randomly assigned to adjoining pens on a mound. Because pens and mounds in the WB facility were oriented north and south, the two pens containing the first mound east of a shaded mound were designated as buffer pens and not assigned to the control (no shade) treatment because shade covered a portion of the adjoining pens and mound during the evening. In the NWB facility, pens and mounds had an east-west orientation; therefore, no buffer pens were designated. In each facility, 12 pens were available and 8 pens were used. The use of shade by cattle was monitored in each trial by counting the number of animals in the shadow of the shade structure at 1500 on each Monday, Wednesday, and Friday.
Prior to beginning each trial, steers were adapted to the final diet (Table 1) . Steers had ad libitum access to feed. Starting date and days on feed were June 26, 25, and 26, and 80, 76, and 81 for Trials 1, 2, and 3, respectively. Initial weights were the average of weights taken on two consecutive days. Steers were implanted with Synovex-S (Fort Dodge Animal Health, Overland Park, KS) at the start of each trial. Hot carcass weight, adjusted for 62% dress, was used to calculate final weight. Following slaughter, fat thickness, percentage kidney, pelvic, and heart fat ( KPH) , incidence of liver abscesses, marbling score, and USDA yield grade were recorded.
In the center of each facility, an automated weather station recorded temperature, relative humidity ( RH) , wind speed, and wind direction (sampled every minute and integrated to hourly observations). In addition, black globe temperatures ( BGT; Bond and Kelly, 1955; Buffington et al., 1981) were measured at a height of 2.1 m above ground level over the two mounds adjacent to the weather station. Buffington et al. (1981) determined that there were no significant differences between BGT at this height compared to the preferred height of 1 m (center of mass of animal). In each trial, one mound adjacent to the weather station was shaded and the black globe was placed under the shade; the other mound remained unshaded. Precipitation and solar radiation data were obtained from the High Plains Climate Center automated weather station located .7 km west and 1.6 km north of the feedlot facilities.
Temperature humidity index ( THI) 3 and black globe-humidity index ( BGHI) were calculated at various times and periods throughout the trials to characterize the climatic heat load and discomfort experienced by the animals (Buffington et al., 1981; DuPreez et al., 1990; Armstrong, 1994 calculated for the entire feeding period. Steer performance and carcass data were analyzed with analysis of variance procedures (GLM; SAS, 1987) appropriate for a randomized complete block design with a 2 × 2 factorial arrangement of treatments (Steel and Torrie, 1980) . Independent variables were weight, mound, trial, facility, shade treatment, the weight × mound interaction, and all the interactions associated with trial, facility, and shade treatment. In the preliminary analysis, trial × shade treatment interactions were found for ADG and DMI/ADG ( P < .05). In addition, trial × facility × shade treatment interactions ( P < .10) were found for ADG ( 0 to 28 d and 0 to 56 d), DMI/ADG, and incidence of liver abscesses. Therefore, subsequent analyses were conducted within facilities. Correlation coefficients were determined using unshaded mean daily and black globe-humidity index at 1500 values, unshaded DMI, percentage of shade use ( PSU) , and difference between DMI of cattle provided shade or not provided shade ( DFDMI) .
Results
Temperature and solar radiation (Table 2 ) in Trials 1 and 2 were similar to but slightly below normal temperature and solar radiation values. In Trial 3, temperature and solar radiation were found to be much lower than those found in Trials 1 and 2 and the 30-yr normal. In all 3 yr, relative humidities were greater than normal relative humidities. The highest humidities were found in Trial 3, in which four and six times more precipitation was received than in Trials 1 and 2, respectively. Wind was predominantly from south and southeast directions, and windspeeds were approximately two-thirds normal during all three trials. Prevailing winds are southeast in the summer and from the south and southeast 44.5% of the time (National Weather Service, Sioux City, IA; 40 km east-northeast of feedlot facilities). Patterns of THI prior to and during the study were similar in Trials 1 and 2; 31 and 30 d of THI > 72, respectively, were found during the trials. In both trials, THI increased at the start of the trial, decreased by midtrial, and then increased at the end of the trial. During Trial 3, a relatively wet and cool summer weather pattern existed, with only 6 d of THI > 72.
Initial (preliminary) analysis of the data found that cattle fed in the facility without a wind barrier provided tended ( P < .10) to have greater ADG and lower DMI/ADG than cattle fed in the facility with a wind barrier provided, which agrees with data reported previously (Mader et al., 1997a) . Trial × treatment interactions ( P < .05) were observed for ADG and DMI/ADG in the following periods: 0 to 28 d, 0 to 56 d, and 0 d to finish for cattle fed in the WB facility, but no interactions were detected for cattle fed in the NWB facility. For cattle fed in the WB facility (Table 3) , ADG from 0 to 56 d was increased ( P < .05) and DMI/ADG from 0 to 28 d was lowered ( P < .05) by providing shade; however, in the last period (57 d to finish), compensation through reduced DMI/ ADG ( P < .10) by cattle provided no shade tended to be evident. Only during the early ( 0 to 28 d ) portion of the feeding period was there evidence ( P < .10) for improvements in gains and efficiencies of feed conversion by providing shade in the NWB facility. No other performance benefits were found from providing shade for cattle fed in the NWB facility. Although not found to be significant, intake was .1 to .2 kg/d higher for cattle provided shade regardless of year and facility. Also, no differences in carcass characteristics due to shade were detected in either facility (Table 4) . However, in the first yr, the highest incidence of liver abscesses ( LA) occurred. A facility × shade interaction was also evident in that year; LA of unshaded (42.9%) and shaded (25.0%) cattle in the WB facility displayed a trend opposite that of LA of unshaded (26.2%) and shaded (42.9%) cattle in the NWB facility.
Only in Trial 1 were consistent positive performance responses ( P < .05) found for shade among steers fed in both WB and NWB facilities. Gains and DMI/gain during feeding periods of 0 to 28 d, 0 to 56 d, and 0 d to finish were improved by providing shade. The response to shade in the 1st yr for cattle fed in the WB facility is possibly attributable to their being heavier at the start of the trial (initial weights = 435, 392, and 393 kg for Trials 1, 2, and 3, respectively) and tending to have greater fat thicknesses at finish (fat thickness = 1.41, 1.10, and 1.01 cm for Trials 1, 2, and 3, respectively), and presumably for the duration of the trial. However, marbling scores were similar in all trials. Final weights averaged 567, 514, and 523 kg for Trials 1, 2, and 3, respectively. Also, after the In an attempt to account for body weight and(or) body condition differences, data within a facility were also analyzed using initial weight as a covariant. Numerically, performance results were nearly identical to the original analysis. However, in the WB facility, DMI/ADG from 0 to 56 d was significant ( P < .05), and DMI/ADG from 57 d to finish did not approach significance ( P > .10).
Black globe-humidity index, DM intakes, and shade use for Trials 1, 2, and 3 are shown in Table 5 . In Trials 1 and 2, daily BGHI were lower from d 29 to 56 than from d 0 to 28. Only in the first trial did the highest average BGHI occur after d 56. In Trials 1 and 2, shade use tended to increase over time and was at least two times greater during the last period (57 d to finish) than during the first period ( 0 to 28 d).
Correlations between BGHI and intakes were negative and different from zero ( P < .05) in Trials 1 and 2 only (Table 6 ). Correlation coefficients between BGHI and percentage shade use were numerically greater for 1500 BGHI values than for mean daily BGHI values. The largest correlation coefficients were found for Period 1 ( 0 to 28 d ) of Trials 1 and 2. Very few strong correlations were found between BGHI differences (shade vs no shade) and PSU. Only in Period 1 were positive correlations (Trials 1 and 2 ) obtained. In addition, very few strong correlations were found between BGHI differences (shade vs no shade) and DMI differences (shade vs no shade). A significant ( P < .05) correlation was found only in Period 1 of Trial 3 at 1500; the remaining correlation coefficients tended to be low in Trial 1, all negative in Trial 2, and quite variable in Trial 3. If BGHI are generally low, as in Trial 3, the relationship between BGHI and DMI or PSU would be expected to be small. However, among all trials, differences in BGHI were not consistently found that would account for differences in DMI between shaded and unshaded cattle.
Discussion
Results of the study reported here were dependent to a large degree on the severity of the summer weather. However, Beede and Collier (1986) indicated that physical protection from solar radiation with artificial or natural shade offers one of the most immediate and cost-effective approaches for enhancing productivity of ruminants. Shade structure has been shown to reduce the heat load by as much as 30% in cattle (Bond et al., 1967) . Early studies (Ittner and Kelly, 1951; Ittner et al., 1954 Ittner et al., , 1955 Garrett et al., 1962) conducted with beef cattle provided convincing evidence of the benefits of providing shade in the southern California desert area. More consistent benefits from shades are obtained in hot-arid climates than in hot-humid regions, in part because of differences in radiation sources and sinks related to cloud cover (Hahn et al., 1970) , although shade is generally beneficial in both situations (Ames and Ray, 1983) . In studies conducted in Nebraska, Bond and Laster (1975) found limited benefits to providing shade for bulls fed high-roughage (75 to 80% corn silage) diets, although breed × treatment (shade) interactions were prevalent. However, high-roughage diets are not typical of those fed to feedlot animals. Metabolic heat load from feeding high-energy diets can make a significant contribution to overall heat stress experienced by cattle, depending on level of intake (Old and Garrett, 1987; Carstens et al., 1989; Gaughan et al., 1996) .
In studies conducted in Louisiana, White et al. (1990) found greater benefits to providing shade to cattle fed on concrete surfaces than to providing shade to cattle fed in dirtlots. In addition, over three feeding periods, black globe temperatures at 1200 were reduced 10.4°C (40.0 vs 29.6°C ) and 5.7°C (37.9 vs 32.2°C ) by shading concrete and dirt surfaces, respectively. In the current study, 24-h BGT differed (unshaded minus shaded values) by 2.52, 2.72, and −.04°C in the WB facility and 2.23, 2.13, and 1.69°C in the NWB facility for Trials 1, 2, and 3, respectively. In lactation studies conducted in Florida, Roman-Ponce et al. (1977) found a significant reduction in BGT (36.7 vs 28.4°C based on hourly recordings from 0900 to 1800) with shade. The reduction in BGT under the shade was even greater (about 12°C ) during midday. They also found significant improvements in milk production and conception rates.
Over all trials, BGT under shade averaged 1.73 and 2.01 C°less than with no shade in the WB (25.48 vs 23.75°C ) and NWB (25.34 vs 23.33°C ) facilities, respectively. In addition, 1500 BGHI averaged 8.1 units less with shade than without shade in both the WB (87.0 vs 78.9) and NWB (86.3 vs 78.2) facilities. These data indicate that shades were equally effective in both facilities, although the NWB tended to be slightly cooler, which would be expected with increased airflow.
Trends in BGT between shaded and unshaded areas among the WB and NWB facilities were similar in Trials 1 and 2; BGT was highest in the unshaded areas of the WB facility and lowest in the shaded area of both facilities. In Trial 3, BGT were similar among facilities and shade treatment; however, the greatest BGT still occurred in unshaded areas but in the NWB facility. The lower temperature, greater humidity, and different wind direction (east-southeast vs southsoutheast) associated with Trial 3 could possibly explain why BGT were more similar in Trial 3 and had slightly different trends than those observed in Trials 1 and 2.
Reductions in heat load are not always found under shade structures (Hahn et al., 1970 ). In the current study, BGHI was found to be greater under shade than in the unshaded area during some weeks of Trial 3. The summer in which Trial 3 was conducted was approximately 18% cooler in temperature, 15% lower in solar radiation level and had nearly five times greater precipitation compared to the average of Trials 1 and 2. The shaded black globe likely was exposed to higher levels of diffuse-sky radiation resulting from increased cloud cover, and the unshaded black globe may have been exposed to more radiative nighttime cooling as a result of the cooler temperatures that occurred in Trial 3. These effects, combined with generally lower solar radiation levels of Trial 3, resulted in a slightly lower average daily (24-h) BGHI in the unshaded area.
No significant ( P < .05) correlations were found between BGHI and DMI and between BGHI and PSU in Trial 3, the cooler year. However, significant ( P < .05) correlations were found between daily unshaded BGHI and DMI in the WB and NWB facilities in Trial 1 and in the WB facility in Trial 2. High correlations between 1500 BGHI and PSU were also observed throughout Trial 1 and during the early portion of Trial 2. Although significant trends were not always evident, greater use of shade was most apparent in the later part of summer (57 d to finish). Differences in unshaded and shaded BGHI had a greater correlation to shade use early in the feeding period vs over the entire feeding period, and differences in BGHI between shaded and unshaded cattle were poorly correlated to differences in DMI between shaded and unshaded cattle. These data suggest that, even though greater BGHI enhances shade use, an adaptation period of 28 to 56 d may be needed before optimum shade use occurs. Shade use may be limited initially due to the time required for the cattle to be conditioned to the effects of shade for reducing solar heat load. In addition, establishment of social hierarchy under shade structures may be needed before optimum shade use occurs.
In the WB facility, pens on the west side of shade areas were exposed to the afternoon sun longer than pens on the east side of the shade. However, the opportunity to fully use shade was equal with potentially offsetting effects in which cattle on the west side had greater access to shade prior to peak solar heat exposure, and cattle on the east side had greater access to shade after peak solar heat exposure. Also, as a result of assigning mounds and pens of cattle to shade treatments, in the first trial (year) all shaded pens were on the east half of the WB facility, whereas in the second trial shaded pens were on the west half of the facility. In the third trial, one shaded and one unshaded mound were on each half of the facility. In the NWB facility, one shaded and one unshaded mound were on each half of the facility throughout the trials. Although wind speeds from the prevailing wind directions differed by only 10%, differential air flow patterns and shade placement could have contributed to the differing results among years in the WB facility, particularly in Trial 1 vs Trial 2. The positive performance results obtained with shade use in the WB facility, particularly in Trial 1, could be due to enhanced convection and evaporative cooling (airflow) in combination with shade, whereas in Trial 2 the enhanced air flow possibly offset shade benefits. In addition, in Trial 1, cattle were over 40 kg heavier at the start of the trial than in Trials 2 or 3. Fat thicknesses at slaughter were between .24 and .66 cm greater for steers fed in Trial 1 than for steers in Trials 2 and 3. Although body condition scores were not obtained at the beginning of the trials, initial weights and carcass fat thicknesses would suggest that cattle in Trial 1 had greater body condition than cattle in Trials 2 and 3 throughout the feeding period. The benefits of shade would be expected to be greater for fatter cattle.
Implications
Minimizing heat loads of feedlot cattle during hot weather is important from both production and animal welfare standpoints. Providing wind barriers in the winter reduces the effects of cold weather, but those barriers can restrict summer airflow, and reduce convective and evaporative cooling of the animals. Shade can temporarily improve performance of cattle fed in protected areas, particularly when the animals have not become acclimated to hot conditions and(or) have a greater body condition. However, benefits of shade may be short-term and may not be realized every year in the western Cornbelt/Northern Plains cattle feeding areas. Shade seems to be enhanced with increasing heat load and after cattle have become conditioned to shade benefits and(or) possibly to changing social hierarchy under a shade structure.
